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a b s t r a c t
To enhance the mechanical properties of chitosan without impairing its biological properties and
rendering it a more ﬂexible and pliable material, oligo(lactic acid) branches were inserted in a systematic
way onto the polymer’s backbone. Six grafted copolymers were prepared and thoroughly characterized
using chemical means, Dynamical Mechanical Thermal Analysis (DMTA), and Solid State Nuclear Mag-
netic Resonance (SSNMR, CPMAS and SPMAS). The degree of insertion and the length of the pendant
groups were determined. The resulting morphology and mechanical properties demonstrated that the
branching introduced strong modiﬁcations on the dynamic behavior of the pristine chitosan, and
consequently on the mechanical properties of the composite materials a whole. The method described
makes it possible to design homogeneous chitosan based materials with good mechanical properties,
including a desired degree of ﬂexibility. The results demonstrated that the degree of plasticization of
chitosan can be achieved by proper control of the oligo(DL-lactic acid) branching.
 2014 Elsevier Ltd. All rights reserved.
1. Introduction
The potential of chitosan in biological applications is due to the
various interesting characteristics of the polysaccharide, including
biocompatibility and biodegradability. The presence of functional
groups in the chain that allow for chemical modiﬁcations is also an
important feature to meet speciﬁc biological needs [1e3]. As with
cellulose and chitin [4], chitosan can undergo a variety of reactions
such as etheriﬁcation [5e7], esteriﬁcation [6,8,9], grafting [9e13],
cross linking [14,15] and so on. The wide variety of modiﬁcations
and corresponding applications are registered in about twenty
books, more than three hundred reviews, a large number of pat-
ents, displaying its use in pristine or modiﬁed form, comprising
products with a broad range of properties. In a general way the
reactivity of the hydroxyl and amino groups of the polymer chain
have been themost studied. In this context it seems that little is left
to be explored, regarding the potential applications of chitosan
[16,17]. Nevertheless in the present paper we wish to report some
results that may further enlarge the knowledge about this polymer.
More speciﬁcally, our aim was to decrease the brittleness of the
original chitosan, which hinders many applications of the polymer.
The approach was the grafting oligo(DL-lactic acid) (OLA) onto
chitosan chains thus providing an internal plasticization. Six graf-
ted copolymers with well deﬁned pedant chains were prepared
with systematic variation in the degree of substitution (DS) and in
the size of the inserted chains. The thermal and mechanical prop-
erties of the products in connection with structure are discussed,
attempting also to correlate with morphology. Oligo(DL-lactic acid)
was chosen due its biocompatibility, biodegradability and to the
presence of the carboxyl and hydroxyl reactive groups. A similar
study involving chitin and polyurethane in network conﬁguration
has been carried out by our group [18].
In Fig. 1 a typical grafted structure of chitosan-g-oligo(DL-lactic
acid) is illustrated. The remaining chitin groups (non deacetylated)
were 0.21, determined experimentally.
2. Experimental part
2.1. Materials
Chitosan (low molecular weight, degree of deacetylation 75e
85% given by the supplier) and salicylaldehyde 99% were purchased
from SigmaeAldrich (China). DL-lactic acid 90% was purchased from
Fluka Analitical (Japan). Glacial acetic acid was purchased from
Vetec (Brazil) methyl alcohol, ethyl alcohol, and acetone were
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obtained from Synth (Brazil). Chloroform was obtained from BIO-
TEC (Brazil). All solvents were PA grade and were used without
further treatment.
Oligo(DL-lactic acid) was prepared by thermal bulk polymeriza-
tion as follows: 10 mL (0.134 mol) of DL-lactic acid were added
under stirring to a 50mL round bottomed ﬂask placed in an oil bath
and maintained at 130 C. The reaction was allowed to proceed for
the following periods of time: 3, 6, 9, 12, 15, 18 e 24 h. For each
reaction time a different molar mass was obtained. The OLA sam-
ples were used for comparative purposes (details given in
Supplementary Material).
2.2. Synthesis of chitosan-g-oligo(DL-lactic acid)
Based on a previously described procedure [19] 1 g (6.21 mmol)
of chitosan in powder form was dispersed in 40 mL of distilled
water and then dissolved by the addition of various amounts of DL
lactic acid whilemaintaining the pH in the 3e5 range. The reactants
feed ratios used are shown in Table 1. The solutions were prepared
in 50 mL round bottomed ﬂasks and maintained at 80 C for 8 h,
under stirring. To complete the grafting reaction the temperature
was then raised to 110 C, allowed to proceed for more 3 h, under
vacuum for the elimination of the water formed and to shift the
equilibrium towards amide formation. The removal of oligomers
and homopolymers from the product was done with exhaustive
Sohxlet extractions with methanol, until no residue was found in
the extracted solutions. The grafts were labeled CG 01 to CG06, the
former was the less substituted and the latter the more substituted
one. The percentage graft yield was calculated according to: %
grafting¼ [(W2W1)/W1] 100 whereW1 andW2 are theweights
of the original chitosan and of grafted chitosan, respectively.
2.3. Characterization
Standard infra red attenuated total reﬂectance measurements
were carried out using a Nicolet Nexus 670 spectrometer, equipped
with a ZnSe ATR crystal with refraction index of 2.4. Spectra were
recorded with a resolution of 4 cm1 covering the 4000 a 650 cm1
range, using the incidence angle of 45. The ﬁlms were put in direct
contact with the crystal and an average of 100 scans was made for
each surface.
High resolution Solid-State NMR (SSNMR) experiments were
performed using a VARIAN INOVA spectrometer operating at 13C
and 1H frequencies of 88.02 and 350.50 MHz, respectively. A VAR-
IAN 7 mm Magic Angle Spinning (MAS) double-resonance probe
head was used at spinning frequency of 6 kHz controlled by a
VARIAN pneumatic system that ensures a rotation stability of
2 Hz. Typical pulse lengths of 4.0 ms were applied to both 13C and
1H nuclei. Time proportional phase modulated (TPPM) proton
decoupling with ﬁeld strength of 60 kHz was used in all experi-
ments. 13C Cross-Polarization under Magic Angle Spinning (CPMAS)
with radiofrequency ramp experiments were achieved using cross-
polarization time of 1 ms and recycle delays of 2 s. Quantitative 13C
Single Pulse Excitation experiments, also under MAS and high po-
wer TPPM 1H decoupling, (SPEMAS) were performed with a recycle
delay of 20 s (about 5 time the highest T1 relaxation time in the
sample).
The degree of substitution (DS) of chitosan amino groups is
deﬁned as the number of substituted sites in a sequence of 100
repeating units, as usual for grafted copolymers [20,21]. For
instance a DS of 79.7 means that for each 100 repeating units of
chitosan, 79.7 were substituted, in a number average. This value
was determined by the formation of N-salicylidene chitosan ac-
cording to the literature [19], as follows: an accurately weighed
sample was immersed for 48 h in 100 mL of 0.02 M salicylaldehyde
in a 1% methanol/acetic acid aqueous solution (80/20, V/V). After
48 h, a portion of the ﬁltrate was diluted 625 times, and the
absorbance at 255 nm was measured to determine the residual
concentration of salicylaldehyde. The difference between the
Fig. 1. Chemical structure of chitosan-g-oligo(DL-lactic acid). 0.21 represents the amount of remaining chitin residues in the starting material. X and Y stand for the non-substituted
and substituted units in the chitosan backbone respectively. See Table 1 for the obtained values.
Table 1
Reaction parameters and product characteristics of chitosan-g-oligo(DL-lactic acid)
materials.
Sample Reaction
parameters
Product characteristics
DL-lactic
acid
feed
(mmol)
DL-lactic
acid/NH2a
feed ratio
(mmol/
mmol)
Yield of
the graft
copolymers
(%)
DSb
(%)
DP of
OLA
insertedb
DP of
OLA
insertedc
Tg
(C)d
CG01 5.55 0.89 29 13.6 3.8 3.2 118.7
CG02 11.1 1.79 82 36.9 4.0 3.8 79.8
CG03 22.2 3.57 172 51.2 6.2 6.5 25.4
CG04 33.3 5.36 281 67.6 7.4 8.9 6.3
CG05 44.4 7.15 383 77.5 8.9 9.3 27.0
CG06 55.5 8.94 479 79.7 10.6 10.0 21.1
In all reactions the initial chitosan mass was 1 g.
a Number of NH2 units in the chitosan backbone, obtained from the ratio: mass of
chitosan (g)/molar mass of the repeating unit of chitosan (161 g/mol).
b Measured by salicylaldehyde technique as described.
c The errors in the DS determined by NMR are 10% at maximum (data taken from
Fig. 6).
d Measured by DMA.
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absorption of the initial and ﬁnal salicylaldehyde solutions was
used to determine the free amine content of the reacted chitosan,
using the LamberteBeer law.
The molecular weight measurements were performed by size
exclusion chromatography (HPSEC) in tetrahydrofuran at 35 C and
1 mL/min ﬂow rate, using an Agilent 1100 chromatographic system
with a refraction index detector and polystyrene standards.
Dynamic mechanical thermal analyses were performed in a
Netzsch DMA 242C equipment with an amplitude of 10 mm,
from 150 C to 200 C at a heating rate of 3 K/min at different
frequencies, in single cantilever bending mode using a material
pocket.
Tensile measurements were performed using dumbbell shaped
specimens, in a INSTRON machine 4467 model, equipped with a
100 kgf cell and L0 (initial length) of 10 mm. The speed was of
10 mm/min.
3. Results and discussion
3.1. Reactivity of chitosan
Chitosan is a multi-nucleophilic polymer due to the presence of
N-amino and hydroxyl functional groups. The initial sites where
substitution occurs are the more nucleophilic N-amino groups
which are readily protonated in acid medium. N-substitution in-
volves a reaction between the polymer and DL-lactic acid monomer
which proceeds through an addition/elimination type mechanism,
where amide functionality of the N-amino groups is restored as in
the chitin precursor. These reactions are driven toward amide for-
mation because amides are more stable molecules (compared to
acyl carbonyls) as explicable in terms of resonance localization of
the lone pair electrons on the nitrogen atom into the carbonyl p
system which can be depicted as reported elsewhere [6,22e24].
Therefore we have considered that the substitutions took place at
the amino sites of the chitosan, in the mild reaction conditions
used. As it will be discussed later, this is assumptionwas conﬁrmed
by the 13C Solid-State NMR measurements.
3.2. IR spectroscopycal analyses
FTIR spectra for the pure components, chitosan and OLA along
with compositions CG01 and CG06 are displayed in Fig. 2. Other
compositions showed similar bands and were thus omitted. The
main spectral features are the absorption bands at 1654 cm1
(assigned to the amide carbonyl stretching mode), 1572 cm1
(assigned to the CeN stretching mode), and a broad one at
3400 cm1 (related to the on plane vibrations of the HeNeH and
OeH bonds). The comparison of the spectra of products CG01 to
CG06 with that of pure chitosan showed the increase in intensity of
the 1730 cm1 band related to the ester carbonyl, which indicated
the increase in lactic acid content. The 3400 cm1 absorption did
not showed any alteration, indicating that the substitution reaction
did not affect the hydroxyl groups of the chitosan backbone.
3.3. Chain relaxation in chitosan-g-oligo(DL-lactic acid)
As already mentioned, the main goal of grafting oligo(DL-lactic
acid) (OLA) onto chitosan chains was to promote internal plastici-
zation. Since that process is intimately related with chain relaxa-
tion, the understanding of the relationships between the
macromolecular dynamics and temperature with the progressive
addition of lactic acid units become the main approach to be fol-
lowed. In this respect, Dynamical Mechanical Thermal Analysis
(DMTA), Solid State Nuclear Magnetic Resonance SSNMR (CPMAS
and SPMAS) measurements were performed to identify and
elucidate the molecular nature of the chain relaxations of the
diverse structures studied. NMR in solution as a means of charac-
terization was not carried out due to solvent interferences with the
polymer and variations of solubility with the degree of substitution.
Moreover, due to the forecast application of the products in ﬁlm
form, its characterization in the solid state is more signiﬁcant.
3.4. Solid-state NMR analysis
The quantitative determination of the DS and of the chain length
of the inserted branches was performed using two different
methodologies: one was the chemical analysis of the remaining
amine groups in the chitosan backbone with salicylaldehyde as
described in the experimental section, and the other one was NMR,
as follows:
Fig. 3b and c shows the 13C CPMAS spectra obtained for pure
chitosan and OLA used as precursors for the chitosan-g-oligo(DL-
Fig. 2. FTIR spectra for the pure components and compositions CG01 and CG06.
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lactic acid) materials. The signal assignments based on literature
data are shown according to the carbon numbering depicted in
Fig. 3a. The signals atw20 ppm andw180 ppm in the spectrum of
pure chitosan indicate the presence of acetylated units (R]CH(CO)
CH3) [25]. Fig. 3c and d shows respectively, the 13C CPMAS and
SPEMAS spectra of sample CG01, the less substituted material. It
can be observed that the signal due to carbon 3 (C3) and 5 (C5) are
separated in the spectra of sample CG01 but appears as a single line
in the spectrum of the precursor. As discussed in the literature [26],
the replacement of the chitosan NH2 group by a NH group brings
about a down ﬁeld shift in the C3 signal. Thus, the observed line
split can be seen as an evidence of the attachment of the OLA in the
amino site position of chitosan. The anisotropic broadening of the
signals associated to C1, C4 and C6 carbons in the CG01 sample as
compared to the pure chitosan is also evident. This broadening
suggests an increased conformational disorder in the chitosan units
due to the attachment of the OLA [27]. It is also noteworthy that the
signal assigned to C7 in the CPMAS spectrum of sample CG01 ap-
pears at the same position as in pure chitosan, so it can be assigned
to the acetylated units, that were not modiﬁed in the grafting re-
action. In contrast, as compared to the pure OLA spectrum, the
signal relative to C9 presents a high ﬁled shift which may be
accounted to a distinct conformation distribution along OLA chains
in the graft, as compared to the pristine sample. Additionally, the
broadness of that signal may be assigned to the contribution of the
carbonyl linked to the main chain, with a different chemical shift
(carbon 90). The conﬁrmation of the later assignment is clearly seen
through the enhancement of signals 9,90 in the SPEMAS spectrum
shown in Fig. 3e. As it will be further discussed, signals of mobile
units are favored in SPEMA spectra. Therefore, since signals 11, 10,9
and 90 are equally enhanced in the SPEMAS spectra, they all belong
to OLA units.
13C CPMAS allows magnetization transfer between 1H and 13C
nuclei mediated by the CH dipolar coupling. Because dipolar
coupling can be partially or fully averaged by molecular motion,
carbon signal in the CPMAS spectra arises mainly from molecules
that are rigid or execute restricted dynamics. Moreover, molecular
dynamics occurring with rates between 10 kHz and 1 MHz (rep-
resenting the intermediate regime) affects the CPMAS spectral in-
tensities by reducing the cross-polarization efﬁciency [28e30]. In
contrast, in the SPEMAS spectra there is no such mobility selection
and the signal from mobile groups are narrower, mostly due to
motion induced conformational averaging. This makes the signal
arising from mobile segments dominant in SPEMAS spectra.
Furthermore, motions within intermediate regime also produce a
broadening in both CPMAS and SPEMAS spectra due to motion
interference with the dipolar decoupling [31,32], but at rates higher
than 1 MHz the signals re-narrow due to the averaging of the
dipolar coupling. Therefore, the simple comparison between the
CPMAS and SPEMAS spectrum as a function of the OLA substitution,
can provide information about the distinct dynamic behavior of
each CG sample.
Fig. 4 depicts the CPMAS and SPEMAS spectra of CG01 to CG06
samples going from the less to the more substituted materials. The
progressive narrowing of the OLA signals is evident, suggesting an
increase in the molecular dynamics of OLA units as a function of the
concentration [33]. The decrease of resolution and intensity of all
chitosan signals in the spectra of CG04, CG05 and CG06 samples
suggests that, apart from the increase of conformational disorder,
an increase in the molecular mobility of the chitosan chains takes
place. Indeed, the shape of the OLA signals for samples CG04, CG05,
GC06 clearly present a lorentzian line shape, which arises typically
from highly dynamic segments (liquid-like behavior), while for
samples CG01, CG02, GC03 the OLA signals have broader and
anisotropic shape, suggesting an incomplete conformational aver-
aging, as usually observed in segments with restricted mobility,
(solid-like behavior).
The CPMAS spectra also present speciﬁc features that can be
associated with distinct chain dynamics. Indeed, the ratio between
the chitosan and OLA signal intensities is much smaller in the
CPMAS than in the SPEMAS spectra, conﬁrming that there is a
signiﬁcant mobility difference between the OLA and chitosan seg-
ments. Moreover, the appearing of OLA signal in the CPMAS spec-
trum is an indicative that not all OLA groups experience isotropic
motions, but some of them have their motion hindered, possibly
due to the attachment to the more rigid chitosan backbone. Indeed,
the differences between the CPMAS and SPEMAS spectra increase
for CG01 to CG04 samples, conﬁrming that the molecular dynamics
increases in the OLA moieties upon substitution. As already
mentioned, this is mostly associated with the presence of motions
in the intermediate regime time scale, which reduces the cross-
polarization efﬁciency and interferes with the heteronuclear
decoupling during the signal acquisition [30]. Therefore, this
feature shows that for samples CG04, CG05 and CG06, the chitosan
chains also become mobile at room temperature, so further in-
crease in the OLA substitution do not signiﬁcantly affect the overall
Fig. 3. Schematic representation of a generic basic unit of the CG samples a), Chitosan spectra 13C CPMAS b), OLA spectra 13C CPMAS c), CG01 spectra 13C CPMAS d) and 13C SPEMAS
e).
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dynamic behavior of the samples. However, it is worth mentioning
that the time scale of the motion in the chitosan segments is ex-
pected to be slower than in the OLA chain, since relative reducing in
the CPMAS signal is smaller in the former. Together the CPMAS and
SPEMAS results indicates that in samples CG01, CG02 and CG03 the
more rigid chitosan units dictates the dynamic behavior of the
sample at room temperature (30 C) This suggests that the plasti-
cization effect in these sample is essentially dictated by the OLA
units. In contrast, for samples CG04, CG05 and CG06 both chitosan
and OLA units become mobile at room temperature, with the OLA
units moving in a much faster time scale.
The SPEMAS spectra shown Fig. 4 were used to obtain an esti-
mation of the amount of OLA units per chitosan chain. The spectra
were acquired with long recycle delays, in order to avoid intensity
differences due to the presence of distinct relaxation times, but
even so, only the intensity of signals due to CH carbons in chitosan
and OLA units were analyzed. This was achieved by ﬁtting the 50e
85 ppm spectral region using 5 gaussian lines (with the equal areas)
to account for the chitosan backbone (C2, C3, C4, C5 and C6) signals
and one independent Gaussian (or Lorentzian in the case of CG04,
CG05, GC06) line to account for the C10 OLA signal. Some examples
of ﬁtted spectra are presented in Supplementary Material. Using
this ﬁtting procedure, the integrated intensity of the C10 OLA
signal, IPLA, was determined and then subtracted from the total area
under the 50 to 85 spectral region, to obtain the integrated in-
tensity of the chitosan signals, ICHI, which accounted for the 10
carbons contributing to the chitosan signals in the analyzed spec-
tral region. Thus, the average number of OLA units per chitosan unit
in the sample is 10 times the ratio between the intensities IPLA and
ICHI. The number of OLA units per chitosan unit can be taken as
proportional to the degree of polymerization (DP) of OLA. This
quantity is depicted in Table 1.
The variation of the incorporation of OLA with increasing the
reaction feed ratio (DL-lactic acid/chitosan molar basis) is described
in Table 1, showing a progressive increase of the DS and in the chain
length of the grafted OLA, as anticipated.
The two different methods used for DS determination showed
good agreement between them, except for sample CG04 that
showed a discrepancy in the OLA degree of polymerization: 7.4
(chemical analysis) and 8.9 (NMR). Probably the chemical number
is closer to reality because in this composition the OLA branches
undergo a transition solid-like to a liquid-like behavior, so the
lorentzian line shape assumed in the NMR DS calculation is not
fully justiﬁed. The other important molecular parameter to be
determinedwas the average chain length of the grafted chains. That
was done dividing the total amount of OLA incorporated (mass of
ﬁnal product mass of initial chitosan) by the DS.
3.5. Dynamic mechanical thermal analysis
The thermogravimetric traces of the materials (in
Supplementary Material) showed that the maximum of decom-
position rate occurs around 320 C for all samples but the amount
of mass loss increases with the degree of substitution, indicating
that the OLA decomposition is the main responsible for the thermal
decomposition. The DMTA curves displayed in Fig. 5 show that tan d
decreases continuously with the DS until a certain level, and from
this point on an increase is observed.
The average length of the grafted OLA chains increases with the
DS, as anticipated, since the amide formation is favored in relation
Fig. 4. 13C CPMAS a) and 13C SPEMAS b) spectra of CG samples. In both the amount of OLA increases from bottom to top.
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to the ester implying that the OLA growth occurs after the neigh-
boring amine groups are consumed. The ﬁrst effect of the insertion
of lateral chains is the progressive disruption of the interchain
hydrogen bonds of the chitosan, in an internal plasticization pro-
cess. In the CG01 sample with DS of 13.6% in which the ramiﬁca-
tions are short (3 repeating units) the tan d transition assigned toTg
is very broad, in the 118 C range, reﬂecting a heterogeneous mixed
material. The same could be said of the CG02 (DS of 36.9 for 4
repeating units), with a lower Tg, in the 80 C range. However when
the DS attains 51.2% with an average of 6 repeating units in the side
chains in CG03, the DMTA spectrum changes substantially, showing
a well deﬁned transition in much lower temperatures. The
following features to be remarked here are the following: ﬁrst the
CG 04 (DS ¼ 67.6%, side chainwith 7 repeating units) presented the
lowest Tg (5 C). It is noteworthy that the Tg of this segment alone
(of the “free” oligomer) is around 3 C, lower than that observed
(Supplementary Material). The Tg of OLA oligomers with similar
molecular mass is in the range of 14C and the higher value ob-
tained for CG 04 could be accounted to the fact that the segment
has one end ﬁxed to the chitosan backbone and/or to the interac-
tion with the chitosan backbone. In this spectrum no other tran-
sition was detected. At this point almost all the chitosan amine
groups were substituted and it is possible that the material is
formed by a OLA matrix which is the main responsible for the
transition. However for samples with higher DS and longer grafted
chains (CG05 DS ¼ 77.5% and 8.9 repeating units and CG06 79.7%
and 10.6 respectively) an increase in the Tg was observed with and
additional broad transition in the higher temperature side. This was
attributed to the onset of intermacromolecular interactions among
the OLA chains which would displace the chitosan segments to
chitosan-rich domains with a wide range of composition, with a
correspondingly broad Tg at higher temperatures.
3.6. Mechanical properties
The mechanical properties of the materials reﬂected the
composition and the morphological features so far discussed. The
variation of the glass transition with the total amount of OLA
inserted and the degree of substitution shown in Fig. 6 agreed with
the trends observed in Fig. 5. A general picture of the main me-
chanical properties is given in Fig. 7, demonstrating that the grafted
chitosan is much more pliable and ﬂexible than the starting ma-
terial and moreover, that the degree of plasticization can be
designed using the data presented. A particularly important remark
Fig. 5. a Storage modulus and b loss tangent of chitosan-g-oligo(DL-lactic acid). Composition of samples is given in Table 1. Traces were offset for better visualization.
Fig. 6. Variation of the glass transition temperature (Tg) (-) with degree of substi-
tution (DS) and with the reaction feed ratio (mol/mol) (:) for chitosan-g-oligo(DL-
lactic acid) materials.
Fig. 7. Variation of the main mechanical properties of the grafted chitosan with the
degree of OLA incorporation.
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still to be made is the obtainment of a homogeneous material, as
opposed by the blends prepared with the same polymers. These
were coarsely phase separated, with a weak phase adhesion and
mechanically very poor, regardless of the proportion of chitosan
and OLA. To illustrate the morphology of a typical blend, a SEM
image is shown in Supplementary Material.
4. Conclusion
As opposed to blends prepared with the same starting materials
that were mechanically poor materials at any composition, the
grafted copolymers of chitosan and oligo(DL-lactic acid) were ho-
mogeneous and useful systems. The locus of reactionwas supposed
to occur at the amino groups of the main chain of the chitosan
backbone, considering the relative reactivity of amino and ester
groups in the mild conditions used. This assumptionwas supported
by NMR data. The degree of grafting varied from 13.6% to 79.7% and
the degree of polymerization of the pendant groups varied from 3
to 10.6 units in a number average basis. The proﬁle of tan d varied
according to composition and allowed to draw some conclusions
about the materials morphology. The main mechanical properties
revealed that the desired ﬂexibility was achieved and that the
method described can be used to design chitosan based materials
with adequate properties for speciﬁc applications. In summary, the
DMTA and NMR analyses, show that the branching of OLA chains
into the chitosan induces strong modiﬁcations in the dynamic
behavior of the later, and, consequently, affects the mechanical
properties of the composite materials a whole. The most evident
feature is the decrease of the chitosan glass transition temperature
to temperatures about room temperature, which has a strong
plasticization effect in the material. On the other hand, due to the
addition of the OLA chains a secondary lower temperature relaxa-
tion is also present, causing a softening of the material as well. In
this sense, the results also suggest that varying the OLA branching
the overall dynamic behavior of the polymer segments (both OLA
and chitosan) is modiﬁed. This indicates the possibility of control-
ling the degree of plasticization of the sample by proper control of
the OLA branching .
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